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In studies on the biochemical compounds in phytoplankton, water samples generally are (pre-) filtered to retain the organisms
for extraction. Such filters can be used for further investigations in microscopic or chromatographic (for example High-
Performance-Liquid-Chromatography, HPLC) methods, while the filtrates can be used for nutrient or fluorometric measurements as
well as for microscopic examinations. Which filter is chosen for a study often depends on its pore size, the costs and, in particular
for HPLC measurements, on its chemical compatibility. In our study we compared the chlorophyll-a retention on the filters by
HPLC as well as the fluorescence before and after filtration, and nutrient content of the filtrates. The filters we tested were of
different material and with various pore sizes. Although Whatman GF/C and GF/F filters are preferred in phytoplankton studies, we
found that the Nylon Membrane filter of 0.2 μm pore size provided the most consistent results in chlorophyll-a retention and the
one of 0.45 μm pore size in nutrient investigations.
© 2007 Elsevier B.V. All rights reserved.Keywords: Absorption; Chlorophyll; Fluorescence; HPLC; Phytoplankton1. Introduction
The importance of picoplanktonic organisms in
phytoplankton research has increased immensely over
the last decades ever since the essential role of (pico-)
phytoplankton organisms in the food webs was realized
(Landry et al., 1996; Detmer and Bathmann, 1997;
Zubkov et al., 2000; Guillou et al., 2001; Callieri and
Stockner, 2002; Kawachi et al., 2002; Liu et al., 2002;
Siokou-Frangou et al., 2002; Agawin et al., 2004; Not
et al., 2004). The main methods of recognition of⁎ Corresponding author. Tel.: +49 4725 819255; fax: +49 4725 819283.
E-mail address: Britta.Knefelkamp@awi.de (B. Knefelkamp).
0022-0981/$ - see front matter © 2007 Elsevier B.V. All rights reserved.
doi:10.1016/j.jembe.2007.01.008picoplankters are microscopic examinations and genetic
and biochemical analysis. The latter is usually less time
consuming and places more of an emphasis on estima-
tions of biomass parameters and cell-biochemical finger-
printing. An example of such biochemical fingerprinting
and biomass evaluation is the High-Performance-Liquid-
Chromatography (HPLC) determination of chlorophyll-a
and other pigments. For nearly all biochemical measure-
ments, size fractionations over different filters with
decreasing pore widths are used to separate different
size classes of phytoplankton preceding an analysis
thereof. Such a filtration step is usually taken for granted
as being a relatively conservative step in an extraction
procedure and its influence on the results is often
underestimated. Although some scientists like Marvin
Table 1
Filter characteristics
Filter type Pore
size
[μm]
Diameter
[mm]
ID used
in this
study
Filtration
volume
[ml]
Nylon Membranes
(Whatman)
0.45 47 Nylon
0.45
1000
Nylon Membranes
(Whatman)
0.2 47 Nylon
0.2
750
Nuclepore Polycarbonate
Track-Etch Membranes
(Whatman)
0.4 47 Track-
Etch 0.4
1000
Polycarbonate Track-Etch
Membranes (Sartorius)
0.2 47 Track-
Etch 0.2
350
Glas Microfibre GF/C
(Whatman)
1.2 47 GF/C
1.2
1000
Glas Microfibre GF/F
(Whatman)
0.7 47 GF/F 0.7 1000
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(1988), Altabet (1990), Dickson and Wheeler (1993),
Chavez and Buck (1995), Mantoura et al. (1997), Morán
et al. (1999), Hashimoto and Shiomoto (2000) and Nayar
and Chou (2003)made investigations on the effectiveness
and influence on the results of different filters in
phytoplankton research studies, these were only done to
a small extent. Against the backdrop of our increasing
interest in picophytoplankton organisms (0.2–3 μm) in
aquatic systems, where filters often play a central role in
the separation of the microalgae, the effectiveness of
established filters in phytoplankton research studies must
urgently be considered more detailed on a larger scale and
the results circulated.
In this study we compared common filter types used
in phytoplankton research, to evaluate how they differ
with regard to chlorophyll-a retention (as an equivalent
to phytoplankton biomass). Furthermore, because in our
work we are interested in the nutrient composition of the
water associated with the organisms, we analysed theFig. 1. Electron micrographs of the filters: A = Nylon Membrane (Millipore.
Microfibre (Whatman.com).filtrates regarding to fluorescence (for escaped cells) and
nutrient content. Thus, in comparison to previous
studies, we examined more aspects in parallel using
higher filtration volumes, more replicates, fluorometric
measurements before and after filtration as well as
nutrient investigations. With our study we give a
complete and final comparison of the common filter
types in phytoplankton research. The filters were:
Whatman Nylon Membranes (Hexamethylenediamine;
Nylon-66), Whatman and Sartorius Polycarbonate
Track-Etch Membranes (4,4′Ihydroxydiphenyl-2,2′-
propane) and Whatman Glass Microfibres (GF/C and
GF/F). Filter characteristics of the used pore size and the
diameter are mentioned in Table 1. As you can see on
the electron micrographs in Fig. 1, the material structure
of the filters varies widely. Pictures were taken from the
internet (Millipore.com, 2spi.com, Whatman.com).
2. Materials and methods
Water samples were taken at the end of the south pier
of the North-East harbour of Helgoland, German Bight
(54°11′02″N, 7°53′28″O), and were transferred into 5
and 10 l PE-bottles. Each 10 l sample was well mixed
and used for ten replicates for each filter type. In
synchrony five replicates were filtered with two water
vacuum pumps. Because of the varying retentions (e.g.
pore widths), the maximum filtration volume of the first
filter of each type was used as a standard for the nine
replicates (Table 1).
2.1. The extraction and analysis of chlorophyll-a after
Wiltshire et al. (1998, 2000)
After filtration, each filter (60 in total) was
transferred to a marked 15 mL polypropylene conical
tube and 2 ml of 100% acetone (p.A. grade) were added
for chemical extraction. Then the filters were storedcom), B = Polycarbonate Track-Etch Membrane (2spi.com), C = Glass
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was carried out after 48 h: a little bit of quartz-sand was
added to all replicates of each filter and the samples
were homogenized with a teflon-pestle. An ice-cooled
ultrasound bath (Bandelin Sonorex Super Rk 103/H) for
90 min followed. With a syringe, each sample liquid was
passed through a 0.2 μm filter (Spartan 30/0,2 RC) into
a marked 1.5 mL HPLC vial.
In this study, a Waters 2695 Separation Module was
used together with a Waters 996 Photodiode Array
Detector, running with a Waters Millennium software
programme. The C18 Nucleosil-column (250×4 mm)
contained 5 μm packing material and was thermostated
in a column oven at 15 °C. The autosampler was cooled
to 4 °C. To obtain sharper peaks, 20 μl of distilled water
(millipore) were injected before and after 60 μl of each
sample (Wiltshire et al., 2000).
The following solvents were used: solvent “A”
consisted of an ion-pairing reagent (1.5 g tetrabutylam-
monium acetate and 7.7 g ammonium acetate dissolved
in 100 ml distilled water (millipore)), distilled water
(millipore) and methanol (proportion 10:10:80, v/v).
The second solvent (“B”) was an acetone:methanol
mixture (10:90, v/v) and solvent “C” a propanol/
methanol mix (7.7:10, v/v). The applied gradient of
the different solvents is shown in Fig. 2 (for gradient-
elution see Mantoura and Llewellyn, 1983). A flow rate
of 1 ml/min, a pressure of 2900 psi and a run time of
40 min were chosen. Hence, the chlorophyll-a concen-
tration is used as a marker for phytoplankton biomass,
the instrument was calibrated using external chloro-
phyll-a standards in 100% acetone (0.2, 0.5, 1 and 4 μg/
l). For photometrical calibration to the exact concentra-
tion (Lambert–Beer–Law), the extinction coefficient of
88.15 (Jeffrey et al., 1997) was used. The chromato-
grams were detected at 430 nm and 668 nm and the
chlorophyll-a concentration in each of the 60 samplesFig. 2. Gradient of solvents A, B and C in the HPLC run.was determined by quantifying the peak areas at 430 nm
(Peeken, 1997; Wiltshire et al., 1998).
2.2. Chlorophyll detection by fluorescence
The laboratory fluorometer of bbe Moldaenke mea-
sures the emission intensity at six wavelengths (370 nm,
450 nm, 525 nm, 570 nm, 590 nmand 610 nm) employing
pulsed light-emitting diodes (LEDs). These wavelengths
are characteristic for the norm spectra of the distinct
spectral algal groups and yellow substances. Depending
on the pigment composition in the water, a specific
emission is measured by a detector. A software
programme then calculates the concentrations of the
different spectral groups and the total chlorophyll
concentration (for further information see Beutler, 1998,
2003; Beutler et al., 2000, 2002).
In our study we carried out threefold fluorometric
measurements for each well mixed initial 10 l sample (3
times 25 ml). These 10 l were then filtered over 10
replicates of each filter type (The exact filtration volumes
are noted in Table 1). To see how much total chlorophyll
went through the filters, each filtrate of all replicates was
directly measured again threefold (3 times 25 ml).
Afterwards we compared the results of the total
chlorophyll content before and after the filtration step.
2.3. Nutrients
To see if the different filter types release chemicals, the
nutrient content was measured threefold in each filtrate of
all replicates. The methods used here were established by
Grasshoff (1976). For a more detailed picture about the
influence of each filter on the nutrient content in the
associated filtrate, we carried out measurements with
distilled water (millipore) in addition. We therefore
calculated the nutrient content threefold in the unfiltered
water and after filtration of 1 l over each filter type, we
calculated the nutrient content threefold in each filtrate.
After comparing the results we decided to carry out
parallel analysis for the two filters that seemed most
suitable for nutrient measurements in filtrates. We
therefore took 25 seawater samples on changing dates
and calculated the nutrient content in the filtrates.
3. Results
3.1. Chlorophyll-a detection by HPLC
The chromatographic results of the chlorophyll-a
concentration on the different filter types (Table 1)
differed widely (Fig. 3): the replicates of the Nylon 0.45
Fig. 3. Mean chlorophyll-a content on the replicates of the different
filter types measured by HPLC. Dots show the mean values of the
respective replicates, lines indicate the range between lowest and
highest value and crosses the standard deviation.
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with 0.56 μg/l and the lowest standard deviation of
0.032 μg/l. Its concentration was lower than that of the
GF/F 0.7 (0.73 μg/l, standard deviation: 0.037 μg/l) and
the GF/C 1.2 (0.65 μg/l, standard deviation: 0.034 μg/l)
filter replicates, although the pore width was smaller and
hence it must have retained more particles. The Track-
Etch filters lay in an expected correlation to the two
GlassMicrofibre filters: the Track-Etch 0.4 filters led to a
chlorophyll-a concentration of 0.78 μg/l with the highest
standard deviation of 0.046 μg/l, while the Track-
Etch 0.2 caused a concentration of 1.05 μg/l (standardFig. 4. Mean chlorophyll-a release measured by fluorescence before and after
indicate the range between lowest and highest value and crosses the standardeviation: 0.041 μg/l). With the Nylon 0.2 replicates a
high convergence around the mean concentration of
0.72 μg/l (standard deviation: 0.035 μg/l) was measured.
This result is comparable to that of the GF/F 0.7 filters
with 0.73 μg/l. It was suspected that filter types with a
larger pore width would show lower chlorophyll-a
concentrations, but there seemed to be no such
correlation. However, when comparing filter types of
the same material, the lower pore size always showed, as
was expected, the higher chlorophyll-a concentration
i.e. Nylon 0.2 with 0.72 μg/l and Nylon 0.45 with
0.56 μg/l.
According to the variations between the ten repetitive
measurements of each filter (scale bars in Fig. 3), the
Nylon 0.2 filter showed the most constant values. Its
difference between smallest and highest value was only
0.08 μg/l (standard deviation: 0.035 μg/l). While the
Nylon 0.45 and the Glass Microfibre filters lay in the
region of 0.1 μg/l difference, the Track-Etch filters
showed discrepancies of up to 0.13 μg/l.
3.2. Chlorophyll detection by fluorescence
Comparing the fluorescence of each sample before
and after filtration, showed that the different filter types
released varying amounts of phytoplanktonic organisms
to the filtrate (Fig. 4). The only filter type whose
replicates were very constant in the releasing percentage
(7.7 to 13.8%) and showed the smallest loss of
phytoplankton cells (10.5% in average), was the
Nylon 0.2. Furthermore its standard deviation was at
the lowest (1.3%). However, the GF/F 0.7 filters gave
good results as well: they discharged only 9.9 to 20%
(mean: 14.9%) chlorophyll and had a standard deviation
of 2.6%. The Track-Etch 0.2 (12–27.1%, mean: 18.2%)
and Track-Etch 0.4 filters (15.6–30.5%, mean: 22.2%)filtration. Dots show the mean values of the respective replicates, lines
d deviation.
Fig. 5. Comparison of the chlorophyll(-a) concentration. Dots: fluorescence in initial samples, lines: absorption by HPLC, white: fluorescence in
filtrates (bars = standard deviation).
Fig. 6. Mean nutrient contents in the different seawater filtrates. Dots:
mean values of the respective replicates, bars: range between lowest
and highest value.
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showed almost the same range and mean percentage of
release as the GF/C 1.2 filters (16.5–26.7%, mean:
21.6%). But its standard deviation was lower: 2.7%. The
worst result was given by the Nylon 0.45 filters because
their average release was the highest of all filter types
with 26.3%. Furthermore, the releasing values of the
replicates differed between 5.4 and 33.4% and the
standard deviation was at 6.4%. As for the chlorophyll-a
concentrations measured by HPLC, there was no
correlation between the different pore sizes in the
fluorometric results as well.
A comparison of the chlorophyll concentration
measured by fluorescence in the initial 10 l seawater
samples, by absorption (HPLC) of the filter retentions
and by fluorescence in the filtrates is shown in Fig. 5.
The absorptions were, except in case of the Nylon 0.45
filters, higher than those measured by fluorescence in
the analogical natural sample. For the Nylon 0.45 filter
the initial fluorescence results (mean: 1.15 μg/l) were
twice the absorption value (mean: 0.56 μg/l). Although
the primary average fluorescence of the other filter types
was nearly the same (Nylon 0.2: 0.62 μg/l, Track-Etch
0.4: 0.60 μg/l, Track-Etch 0.2: 0.68 μg/l, GF/C 1.2:
0.59 μg/l and GF/F 0.7 μg/l: 0.67 μg/l), the absorption
results varied. The replicates of the Track-Etch 0.2 filter
(1.05 μg/l) led to around 0.33 μg/l higher chlorophyll-a
values than the other filter types: Nylon 0.2: 0.72 μg/l,
Track-Etch 0.4: 0.78 μg/l, GF/C 1.2: 0.65 μg/l, GF/F
0.7: 0.73 μg/l. The filtrate fluorescence of the replicates
did not show any correlation to the fluorescence in the
initial water samples or to the divergence between initial
fluorescence and HPLC values. Only the results of theNylon 0.45 filters are absolutely plausible: a high
fluorescence in the initial seawater sample and a lower
concentration on the filters results in a high fluorescence
of the filtrates.
Table 3
Asymptotic t-test, calculated after Osius (1999)
SiO4
[μmol/l]
PO4
[μmol/l]
NO2
[μmol/l]
NO3
[μmol/l]
NOx
[μmol/l]
NH4
[μmol/l]
Nylon
0.45
1.62 0.34 0.38 14.20 14.57 0.94
Track-
Etch
0.4
1.67 0.43 0.16 14.64 14.80 1.03
t 7.27 20.44 −42.73 73.85 64.83 28.12
66 B. Knefelkamp et al. / Journal of Experimental Marine Biology and Ecology 345 (2007) 61–703.3. Nutrients
Fig. 6 shows that the nutrient contents in the different
seawater filtrates did not vary significantly and that the
mean values of each nutrient always lay in the range of
the other filtrates (all filtrates of the 10 replicates for
each filter type were measured threefold, calculation
after Grasshoff 1976). Obvious to see is that the
concentrations of NOx and the calculated nitrate (NO3)
were most variable in the replicates. Because of these
variations, which also result from different conditions of
the cadmium column, it cannot be said if there is an
influence of the filters on the nutrient content.
Because these results did not satisfy us in the clarity
of different influences on the nutrients, we filtered 1 l of
distilled water (millipore) over each filter type for a
better comparison and used its initial nutrient content as
blank value. The average concentrations of the threefold
nutrient measurement of the different filtrates are shown
in Table 2. While the Nylon 0.2 and Track-Etch 0.2 filter
had a slight influence on the silicate (SiO4) content (0.01
and 0.04 μmol/l), the other filters did not show an
influence. The phosphate (PO4) and nitrite (NO2)
concentrations never changed, independent of the used
filter. The Nylon 0.2 filter manipulated the NOx and
therefore the nitrate (NO3) concentration at the most
(calculated after Grasshoff 1976): 0.13 μmol/l. While
the Track-Etch 0.2 and the GF/C 1.2 filter had no effect
on this nutrient, the other filters changed it some-
what: Nylon 0.45: 0.04 μmol/l, Track-Etch 0.4:
0.02 μmol/l and GF/F 0.7: 0.01 μmol/l. Once more we
need to mention, that the changes in the NOx and nitrate
concentrations vary as well because of the differentTable 2
Mean differences of nutrient contents in the different filtrates of
distilled water
Filter
type
SiO4
[μmol/l]
PO4
[μmol/l]
NO2
[μmol/l]
NO3
[μmol/l]
NOx
[μmol/l]
NH4
[μmol/l]
Nylon
0.45
0 0 0 0.04 0.04 0
Nylon
0.2
0.01 0 0 0.13 0.13 0.56
Track-
Etch
0.4
0 0 0 0.02 0.02 0.06
Track-
Etch
0.2
0.04 0 0 0 0 −0.02
GF/C
1.2
0 0 0 −0.03 −0.03 −0.03
GF/F
0.7
0 0 0 0.01 0.01 0.03conditions of the cadmium column. On the ammonium
(NH4) concentration, the Nylon 0.2 filter had again the
highest influence: 0.56 μmol/l in average. While the
Track-Etch 0.4 (0.06 μmol/l) and the GF/F filters
(0.03 μmol/l) changed this nutrient slightly, the other
two filters (Track-Etch 0.2 and GF/C) did not change its
concentration.
The four filter types with the smallest influence on the
nutrient content were: Nylon 0.45, Track-Etch 0.4, GF/C
1.2 and GF/F 0.7. Hence the flow rate of the GF/F 0.7
filter was very low (small pore size), and the pore size of
the Nylon 0.45 and the Track-Etch 0.4 filters define the
division point (0.45 μm) between dissolved and
particulate matter (Hickel 1984; Horowitz et al. 1992)
more precisely, we tested the last two filters further on.
With the mentioned filters, we carried out a com-
parison of 25 different seawater samples. The results
were processed with a one-sided asymptotic t-test (Osius
1999). The 0-hypothesis was H0: μTrack-Etch≤μNylon
and the test level α was chosen to be 1%, therefore was
tm;α=2403. Table 3 shows the average values of the
nutrient measurements and the results for t. Only for
nitrite H0 was accepted because tb tm;α. For the other
nutrients H0 was denied. This means that the Track-Etch
0.4 filter increased the content of silicate, phosphate,
nitrate and ammonium in the natural samples in com-
parison to the Nylon 0.45 filter.Table 4
Summary of absorption and fluorescence results
Filter type Chlorophyll-a absorption
[μg/l]
Chlorophyll-a release
[%]
Nylon
0.45
0.51–0.61 05.4–33.4
Nylon 0.2 0.68–0.76 07.7–13.8
Track-Etch
0.4
0.72–0.85 15.6–30.5
Track-Etch
0.2
0.98–1.11 12.0–27.1
GF/C 1.2 0.60–0.71 16.6–26.7
GF/F 0.7 0.68–0.78 09.9–20.0
Fig. 8. Example of irregular distribution of organisms on a filter
prepared for FISH analysis.
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Studying phytoplankton usually entails filtering a
water sample either for use of the filtrate or the filters for
further studies (Mantoura et al., 1997). Consequently,
filtration is a main and important step. However, until
today no comparing tests of the different filter types used
in our study were carried out to see which one is the most
suitable. Especially in the last years, now that the impor-
tant role of picoplankton is accepted, filters with smaller
pore sizes were chosen more often. But, regarding to the
review in Mantoura et al. (1997), do they give better
results in the chlorophyll-a retention? In our study we
used natural seawater as well as distilled water and six
different filters (Table 1) to see which one is the best for
phytoplankton and nutrient measurements in oceanog-
raphy. We compared three different filter materials with
varying pore sizes. Our results show that there was no
correlation between pore size and chlorophyll-a reten-
tion (Fig. 3, Table 4; compare Lenz and Fritsche, 1980)
or pore size and releasing amount (Fig. 4, Table 4) of the
different filter types. Only the results of each single filter
type correlated to the pore widths: the smaller pore size
resulted in higher absorption values and lower release.
This inability to combine pore sizes of different filter
types with the amount of released and/or retained par-
ticles was mentioned by other authors before. Sheldon
(1972) recognized that the shape and the amount of
particles in a water sample can influence the effective-
ness of the special pore size. According to the What-
man®GlassMicrofibre filters, Hickel (1984) mentioned,
that the pore size is not well defined. Therefore these
filters are supposed to be “unsuitable for size-fraction-
ation” (Mantoura et al., 1997, compare Fig. 1). Our resultsFig. 7. Irregular distribution of phytoplanktonic organisms on 10 μm
filters (diameter: 47 mm). White arrows: low organism amount, black
arrows: high organism amount.correlate with those of Morán et al. (1999). They found
no significant differences between the chlorophyll-a
retention of Glass Microfibre filters (GF/F, GF/C) and
membrane filters (polycarbonate 0.2, mixed cellulose
esters 0.22) as well. However, Mantoura et al. (1997)
decided to use GF/F filters in their pigment experiments
because they seemed to retain close to 100% of the
pigments. With our study we checked the effectiveness of
established filters in phytoplankton research studies to
draw the attention on not enough considered problems.
The Nylon 0.45 filter showed the highest (26.3%) but
also most dissimilar values (standard deviation: 6.4%)
for the release of organisms and its replicates gave the
lowest chlorophyll-a absorption (0.564 μg/l). These
variable results make it unsuitable for phytoplankton
studies. Both Track-Etch filters and the GF/C filter
almost had the same releasing percentage to the original
sample (∼20.5%). By comparing these three filters, the
chlorophyll-a retention arose, as suspected, with de-
creasing pore size. Although our results support Prepas
et al. (1988), who claimed that GF/C 1.2 and GF/F 0.7 do
not differ widely in their chlorophyll-a retention, in our
study the GF/F 0.7 filter showed a more obvious
similarity with the Nylon 0.2 filter. This fact has already
been presented byHashimoto and Shiomoto (2000): they
found no significant difference between GF/F 0.7 and
0.2 μm nuclepore filters. On the other hand, Altabet
(1990) has described a significant particle release
through GF/F 0.7 filters, which in turn is held back by
0.2 μm filters. These unsteady results of the Glass
Microfibre filters lead us to a comparison of the filters of
0.2 μm pore width used in our study. Although on the
first view the Track-Etch 0.2 filters seemed to be themost
suitable filter type in phytoplankton studies because
of the high chlorophyll-a retention (1.054 μg/l), its
high organism release (18.2%) and the high standard
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authenticity of the high retention in question. In contrast,
the Nylon 0.2 filter led to the most reliable and small
ranged results in phytoplankton studies: its replicates led
to the lowest release (10.5%) and to a low standard
deviation in the absorption results (0.035 μg/l).
When we compare the fluorescence in the initial sea-
water samples and the absorption measurements (HPLC)
of the filter replicates (Fig. 5), we need to remember that
the two methods base on totally different aspects: 1)
absorption is measured for all pigments present, while
fluorescence only detects pigments in living organisms
with intact photosystems, 2) absorption is only estimated
in the filter fraction, whereas fluorescence is measured in
the whole initial water sample and 3) the fluorometer
measures the whole chlorophyll content, while with the
HPLC the absorption of chlorophyll-a is detected. Con-
sequently, these two methods cannot be compared in their
chlorophyll(-a) results.
In our study the Nylon 0.45 filters did not resemble the
high amount of fluorescent particles in the initial water
sample in their absorption results. This can be explained
by the small size of fluorescent particles (b0.45 μm). The
other filters showed slightly higher levels in the
absorption than in the fluorescence of the whole sample.
There seemed to be no dependency between the initial
fluorescence, the absorption of the filter retention and the
fluorescence in the filtrates to the pore size (Fig. 5).
The phytoplankton studies, which generally pre-
ferred GF/C and GF/F filters, did not show convincing
results in our study and in considering previous pub-
lications. Furthermore, their handling in the sample
preparation for the HPLC method was very difficult
because the glass microfibres absorbed all the solution
in the homogenization step. Hence it was not easy to get
enough liquid into the syringe for the injection into the
HPLC instrument. In contrast, the organisms were easily
extracted from the Nylon and Track-Etch filters in the
same step and their sample liquid was withdrawn into
the syringe without difficulty because the filters nearly
remained in one and did not absorb the added acetone.
Hence the Polycarbonate Track-Etch filters are not
recommended for use with acetone (Whatman.com) and
the nuclepore ones “contain extractable yellow dye(s)”
(Mantoura et al., 1997), their HPLC results should be
handled with care. Consequently we conclude that the
Nylon filters are most suitable for absorption measure-
ments as we carried them out.
According to Horowitz et al. (1992) we tried to
eliminate all factors that can influence the nutrient
content in a filtrate. Furthermore, we worked out the
samples in parallel and do not see any kind of storageeffect (Kattner, 1999). Hence, we only have different
filter types with varying pore sizes as variable factors in
our analysis. Next to the phosphate, also the nitrite
concentration was not changed by any of the filters. In
comparison, the nitrate and ammonium contents were
most frequently influenced. This correlates with the
results of Marvin et al. (1972) for the filtration of dis-
tilled water over unwashed filters. Our results of the
different comparing tests bring us to the conclusion, that
Nylon 0.45 filters are the most suitable ones in nutrient
studies. They affect the nutrient content at the lowest
and furthermore their pore size of 0.45 μm exactly
defines the division point between dissolved and par-
ticulate matter (Hickel, 1984; Horowitz et al., 1992) and
makes it possible to work with a higher flow rate.
5. Conclusions
We would like to add, that filtrations do not provide
an homogeneous distribution of phytoplanktonic organ-
isms on the filter. As you can see in Fig. 7 the organisms
are dispersed very irregularly, although in this case we
filtered large volumes of seawater with a maximum
pressure of 200 mbar. The white arrows indicate areas
with unusual low organism amounts that can be caused
by soil particles, gelatinous colonies or irregular
filtration. Black arrows indicate unusual high amounts
that are mainly found at the filter periphery and are
caused by the volume holder. Scientists should always
keep this fact of irregular spreading of organisms on
filters in mind when analysing them. Especially when
only small parts of the filter are analysed, as in
microscopic investigations (e.g. FISH, Fig. 8).
After this detailed comparison of the six different
filters, we suppose that the Nylon 0.2 filter type is the
most suitable one in phytoplankton studies particularly
with regard to the retention of picophytoplankton. Its
small pore size and therefore its high retention and low
release of organisms make it ideal for investigations on
the whole phytoplankton community. Furthermore, the
Nylon 0.45 filter is the most suitable one for nutrient
measurements in seawater samples because it influenced
the nutrient content in the filtrate at the lowest: In tests
with distilled water (millipore, Table 2) it changed only
the NOx and therefore nitrate (NO3) results slightly.
These variations may also occur from the different
conditions of the cadmium column. In a more complex
parallel measurement with the Track-Etch 0.4 filter, it
only influenced the nitrite (NO2) content. Furthermore it
showed a high flow rate in the filtration step.
Hence the chlorophyll(-a) content in algae is in-
fluenced by many abiotic factors like light, temperature
69B. Knefelkamp et al. / Journal of Experimental Marine Biology and Ecology 345 (2007) 61–70and nutrients (Van Leeuwe and Stefels, 1998; Marañón
et al., 2000; Barlow et al., 2002; Lalli and Parsons, 2002;
Malinsky-Rushansky et al., 2002; Sosik and Olson,
2002), we recommend not to increase the probability of a
wrong measurement by using an unsuitable filter. We
were able to show how various the results of different
filter types with same pore sizes can be. With this work
we hope to help other scientists in choosing the best
filters for phytoplankton and nutrient studies and to
decrease possible errors.
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